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(57) Abstract: [PROBLEMS] A switching power supply and a semiconductor integrated circuit, wherein even when a power supply 
voltage (VDD) is low, a sufficient drive voltage can be obtained for a switch element (Ml) on a higher potential side. [MEANS FOR 
SOLVING PROBLEMS] A switching power supply wherein the current to be caused to flow through an inductor via switch elements 
that operate in accordance with a PWM signal is controlled, and a capacitor provided in series with the inductor is used to form an 
output voltage. In the switching power supply, a booster circuit, which comprises a bootstrap capacitor and a MOSFET, is provided 
between an output node of the switch elements and a predetermined voltage terminal. The boosted voltage of the booster circuit is 

f — used as an operation voltage of the driver circuit for the switch elements. The source-drain region of one of the switch elements is 
connected to the base gate of the other switch element such that when the MOSFET is placed in off state, the junction diode between 

jj^ the source-drain region and the base gate of the other switch element is in the reverse direction for the boosted voltage formed by 
the bootstrap capacitance. 

^ (57) «««HVDDA<<E^»*fCj3l*Tti. *«tt«X-f V ^fft^M 1 <D + »ttB«l«JI*»* 
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(si) tt^Buxqca&iMKij* ±x<Dmm<Dmtoum& 

pT#&J: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, 
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) ti^H fSsSdofci^Ry s ±x<Dmm<Diun&m 

7b< RTi&J: ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, 
SD, SL, SZ, TZ, UG, ZM, ZW), J.-7V7 (AM, AZ, 



BY, KG, KZ, MD, RU, TJ, TM), 3 — □ V (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, 
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 
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m m * 

[oooi] z.<Dmwfe, ^y^^mMt^mi^mmmmmu mz.t£. mmj±^i&mm 
[0002] y^y^y^mmxix i£« • 'i>m • ^a* • \&mj± • ±mffi&M#>btiz> 0 w 

M.)<D-N^^m<D/<U— MOSFET(^T, NMOS^Hf) tf&m&tl&M&ft 

M«i±VDDj;«9^V^-— KD4(D)II^[B]mi±Vf (VDD-Vi);^ Bft^r 

^y^-m^-MKD^— hlZ@&£tiZ>o -hSEmffi (VDD-v£)?r^<i-§fcfe^_h 

[0003] 014^ laia^LfcftjEEM^y^^mag^^ajftfm^HSr^-ro &bhs 

BH{3\ «M«flHVDD^^^V^-— KD4C0)lR^-[B]miEVf ^T^ofcftBH (VDD-V 
<£>Mt£BSltU h^h7^^»CB^^^mM"J^-r^*^-Ml(D!|KII][lI^ 
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[0004] — Mmm&&^t?mmm&<DmMW£VDDfei&mmk<Dmfafc&z> 0 ^<d 

#ff :£Sfcl : 1-501 500^- 

«9, ^ffl^^m^*^i-^cfe^, _hfE#t^i»i<D^^^*wj-*5v^-c^ 
[0006] SW, titffvDD^igv »m&iz.&\ ^xh. ^«{i#J^-f5/^-*^- 

[0007] ^^v^M^n«*M©5^^W^o©W^^^Mi-^tf, T 

^fii^©aj^/- K^0fSSffi*^K^>^— K^yT^M^MOSFET^k 



WO 2005/074110 



3 



PCT/JP2005/000329 



[0008] m^mffvDD/^v^^^-ob, mmm\^y?-m^<D+fttmm'm& 
[ooo9] mum, ^(DmMKm^4y^^mM(D-mmm<Dmm\Mi^m^^riXi^ 

o 

[0010] JifBA^mffiVinfi, mMmM^y^m^Ml^VX^(>^^^0(D—iQ^h 

[ooii] _htam^mj±vout ^^ 3 v(Dj;5^^$^mf5A^ff!ij#i-§^fe^, ^©pw 

Mf|flJ^I[Hl{^^^tt^5o -^ib-C_hfBm^J*i£Vout te\ }&£tRliR2^fb&5 
5>iE[HlS&^J;i9^i±$tL-C, ^7-^^°EA(D-^(^A^ (-) ^#t^$^ 0 
^-T^EAtD^tDAiJ ( + ) SMJ±Vr^#fc^£tL3 0 ±fS^ffi«i± 

^±faSMi±Vrt(D^«i±^ftjii:b^[l|^CMP(Z)-^(DA^ (-) ^W^tt 
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[0012] $ij#p[m^coNra, ±mpwMm^icMJt^fz.mmmmimm^hg,t, \&m& 

D\Z.^T^>tz.mz^ m^Z-Zftbl^ MOSFETMl<Z>L^Wgmffi5^t^LX<Z> 
[0013] JifBcF^XXf*, 7*—bXb^y^&ACB(D—mcmm£tl%o Z.<Dy*—b*b^y7° 

^xmw.nj±.vr>-DKmm^n^o ±mmMm>)±vr>vfe. m5v<Dx^m^m)± 

Xm, ifEfllJ^HHie&CONT^^PWM^J^IlHl^^^i-S^-T^EA, 

mjEitij^iHi^cMP^H^t wim^m^TWGtDmi^mmxm , #3£-T5w</v 
[0014] jifEPWMft ^-KMfo^mmmmmm ^-h g «, w-</v^h[u^LS2^L 

TU^/k^h$tbrJifEt^mi±#J»^^^*^MlcD,»ff-^HG^$^5o W< 
fc#J±mjEVbt£rKjfmffi blsXteV, _hfE«M«j±VDD«M«fi (*«l^5 

v) M*g^ffi«j±ffij^jwf -^h g £, M-i±mj±.vbtb±mtp£,L,xmm(Dm^\^'< 
[0015] .hwEPWMft ^rKM^tci&mmMmmm ^-isit, /^77rfat, a^j^e 
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[0016] ^mmco^j±mm^ mmmi2<D^4*—Fr>4KWx.x, ^y^-mi^xfozp 

^-^/vm^V— XMOSFET(J^T, PMOStmir)M3^mir^tKWW 
^©Np, PMOSMSSiKWyffii^D^SUVDDt, V-^«fS^7-^b 
^yy^MCBm^mir^o MOSFETOy— ^tKWyft, mffi^M(D^TB]^ 

mi±Vbt^^j^$tb-CV ^#t|g-C<DK W^t^y— ^^s^bTV >5 0 PMOSM3 

2l$^VX\^m Cf-ft:b*>, ^y^-m^-Mi^^x^^m) , ^y^-m^-M3 

tt^z.vxy—h*h^yy^ACB&mMmj£vvvK3tm-t% 0 mmxfe, 

yE^tlCjE^VDD-V3 (on) <D £5 f^LTl >5 0 V3 (on) ft\ MOSFETM3©y — X 

[0018] ^<DB#<DPMOSM3<Dl!}fm, — ^^^fn]#tt^P?^?)t)^-e$?§o 0^*9, P 
MOSM3<D^r- M£f3\ ^^/V^htHl^LSl^^Sififl;^^) ^5*^^^^/^^ 
flflff -^-LG^#fc|^tvT*5«9, «^«i±VDDjliJ (KW^STO) ^y^|j|i:U 

bTtb^-r^y— ^s^-sftijcDm^vbt^vDD-vf (vf^^^yv^— Komi^fB] 



WO 2005/074110 



6 



PCT/JP2005/000329 



[0019] PWMff ^^^Lfc$IJ^m^-hg^lg^J;«9^-r5/^^^-Ml^^-^LTV^^ (1~ 

j±«j±Vbt{i, _hfB^E*miEVDD^citSv>'B;j£i:L-C_h#i-^ 0 o;£<9, ^y=f- 
ifMl©y- hirV— ^P^(HG-LX) _LtBW</V^:7hmS&LS23T^l/r_L 
lEy— h^b^5/^*CB(D^mjiVDD (VDD-V3 (on) ) J&Sft^jfVC*^ V 

^<D^§ 0 VDD^5Vt?fe<9, ^jy^*^Ml(DL#VHi^ffi3#t)lV@; 

[0020] _hfB#J±mj±Vbt(D_h#^J;«9, MOSFETM3©- *f(Dy— X, KW^Wt 

75/^*CB(Z)m#^*M*iiVDD#J^^V ^Tb*5o l^/Vv^ b[Ug&LSl 
_LfEffjiJ#Pff |-LG©/n^^^ _hfB#ffimj±Vbt KttJ&Ut mMfe tf—hG 

[0021] i:fB;*^f-*^Mi^:/^«i^£^ 

y°^*cB(Dm#^, c g xvgsxmnx^o ^x\ c g li^fi^Mi©^- 

^M$?i^#Ht3^T\ W;MM^5f^ W5 o -»bT, Cg = 3000pF, 
Vgs = 5V, ^y^-^m^WclMHzXfYWir^t, JtMntftmSmAbteZo 
, ^|$^MOSFETM3(D^-^®feT:^#:+mQ-e$3f9, ^BmB#<^'SJ£|#TV3 (on) 
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[0022] w-m<D£?K^y^mi L M2tfjr7VX\s^m (^y^m^-Ml^^) P^-Y 

S(D#j±mi±Vbti:lR)Cfl:j±^l/^/^>yhi-§ 0 -^L-T. MOSFETM3(DKW^ffi 

#ff^cmi fc*5V jFETSrfflv yfcJ:5 »«itffl<D^V;t- K^frfc^iSftS 
[0023] ^^fgi^Ml, M2, M30t7, ^^ttl^(D^f 

(D^yhPJWZ, _hfEPWMff ^*j-j£bfc{f ^-lg&migSr 

[0024] 03^3:, g|l(DP^-r^/VMOSFETM3(0— MMffilCDMW&^I^Wr^m&^frl 
TV^o 03(A) — j&lft&P^^/VMOSFETOW^;^ 03(B) iatm 

»jEMOSFETW!l^^$tLTV^o ffffBIH2(D^-$|5{f #J±mj£Vbtte 
«^«i±VDD+A^«i±Vin^^-r§^^^t?^^ 0 ^(Dtc^P^-Y^/VMOSFE 
TM3iLT, HI3(B) t^bfcJ;5&ii5ftj±<^LDMOS (Laterally Diffused MOS) £r 

[0025] ®3 (A) ©-^Kl^Pf^/VSMOSFETl'^V >Tlt, PS^KPSUBJb^NS 
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fcltt, ?¥v^J?d^5y-hiteigd^^^tb5o ±IBy-Hte»R_hK:tt, -LIB 

tbSP+^i:StRy— h (nwel) ^©Wfcttia^iSfc*^^:*— 
[0026] 03 (B) (Dr^jffitJEMOSFE'm&V ^J3\ PlI^PSUB (P-) JifcE&iEKWV 

^^*tt5o ^UT, _hfBP+^^t^N+^^m*^^(tbtb^i^^J;oT, 
B\ _hfEP+fM«^t^P-(DS«^^^j^KW^«^L-Clb#L, NS^/MUt 

[0027] JilB— ^OP+^^^<DN^/l^*^NWEL^t^^KPSUB_h^tt, ^J^^ 

M3£L-TfflV^£^a3\ _hfB^/kfS^NWEL^BfffEBIl»y— ^^-SftiJ^^tb 

5P+iaii6^gsR$n5, ttfiBiaKDKw^^— §pt$^s«psuBt^K 

h (NWEL) t(Dmz.nm^(D X^W^^— K^#&-T£ 0 r<Dj;5&LDM 

[0028] 133(a), (B)(Z>W*^ifffi#3g0^^i-J;5^y^^S^--h(^^/WJ« 

)£^cL-CfflV^fc£>, 03(A)<D— $£|ft/£P^^/VMOSFET\ g|3(B)<DLD 

Mos#ic Kwy, y-^r^{-«w^^v^— k^#^«o Lfcfc-c, « 
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®fcV\, X, 03(B)<DJ;5^LDMOS^— Xb^yy'&MCBte'mffi&JlW.lr&b 
^KM3 (B) {-*5^KW^^y— ^^m»fc^i-*t-^^, i(Dl)]^«y-T 

^^u^u— mosfet^^ -nsmtftv, i&mm, /j^^^^^mc^* 

[0030] ^Bj!(D#J±lHl{^», P^^7VMOSFETM3^^$-frT^— h^h^^* 
CB^mU #jEm{£»fe<D^|£lkte, MOSFET<D^r— h®j±^#j±®j± 

«B#rBl^l^^t§^^, ^^h^h7^°^ftCB^VDD*-Ci«<i-§^t^^§ o 
[0031] J^_h^J;«9, *M«i±VDD^i£v^^, i«*{ijliJ^5/^-*^-Ml(D+^!l2 

gd(DN^^7W-?y— MOSFET^Sffl-e^^fc^, /hSltfX^fS'^^S 

[0032] 04^3, ^(D^PJ^#^^^^m^-^»!l<^*^EI^^$tl,-CV^o 
ro^iJMtfW ^f^iUfi, iC^#-Cfflmfc$|3^^^#:^[Hl^ (IC) 

(Dmmm-ete, ^m^mf^-r^^y^m^Msw^mw-Mmmm^m^x 
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hHIB&LSl, LS2^dS^JE^$tb5o m^U&V^ MOSFETM1, M2SrW»f 

[oo34] i36fcfct, ^(Dmm^^4^>^mM<D^Km<D~mmm<Dmmm^^ti 

o K^M^IC^te, ^jy^-^T-Ml. M2£, W^/V^MUj^LSl, LS2^t^#ffiHI 
J&5r#J&t"5MOSFETM3£:, PWMff ^<Sr^ttT<£«tetel<£>fM#¥ff ^LG' £M 

H\ -hfEPWMff ^-^fj"C, _hfH^5/^MOSFETM3(D$IJ|»ff -^LG^^i" 

[0035] nmm, i^s^^f y^ti©ffi©- mte^!i©«Ei&iai&Bi^$H 

SFET 

tf^mttto ^^^%&)±m^y^?mux^ ±mmmm ^-ig, h g ^gi2^ 

^i~J;5^M^J^P#^fc6o r.©lllfi^lC*5it5#JEE|HlfS©MOSFETM3© 
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[0036] mmm, ^(DmmKm^^y^^WM<Dmcm<D—mmm(Dmmm^^ti 
foMmm^m^^bfri&o mmct^^icia^ f^mM^i^mffivcc^ 

±mnun)±.vccKM!t^fcPWMm^M)^ir^ 0 ~ofc#>, ±mv94^i 

[oo37] ^mmmx^ ^4^icnmm^mMvnw^^tfj:<o, Atim.^vm^mM 
mffvcc^b-cffiv ^z.t&x%z> 0 frfr&mm,j±&fti$xmj±^xi&m,)±bi.xm 
\^^<dx\ ^M^4^m^x(Dmmm±i^i^<ir^t^x^ 0 ^.cdm&k 
ra. ™Mmmicbv^^ictxm{¥mmm^h(Dbtez>o o*!>. mmicm 

2V, ^9-(^lC^^5VXmi¥ir^fcm^ PWMff ^(DA£im$&(VCL,)Xi»Ib 

fr<Dmj±?7>^^&f)mtfbth%h?>x&>% 0 
[0038] ®9{m, mmm8(Dmfe?9^y p m^vcL<D—mMM<Dm^m^£nx\^ 0 

VCCfDA^ff ^-(PWM) ©W-</V^, KW^ICCM':/^— ^[U^INVl^W^/V 

[0039] a^s^pwm}*, &mmm&±®&hvx<Dy^*—tt2kn3&nftbtiz>o 

, _hfam^®J±VCC^ %ll2V<D£yf£m^^nj£Xfo<9, _hfBrtfPmiiVDD^5 
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[0040] JifBA^S^-PWM^, ®E^9^7 P HIB&Srflf^i-5N^-Y^yVMOSFETM4<D 
^#®£tLTrt$P®EEVDD^5^*&$tlSo _hfSMOSFETM4(Dy— KW> 
B&lB<DA^J^^l^^.e>H5o ^.(DmMM^t. ±IEMOSFETM4(c:j;5«j£^7 

[0041] A^ffi^-PWMt, InlBllCSE^bT^ttTV^i^iCVCC-O 

v(i2v-ov) GDJ;5&A#&ff #S#B©A^7^ Jiibmosfetm 
4(Dy— ^, KWy|K©l^^lt (VDD-vth)-ovoj;5^*MVDD^j;«9 

|^|l|^^^^LT^$^TV^j;5^VDD-OV(5V--OV)<Dj;5^CMOS^i|iS^ 
&*L5„ r^-e % VthttMOSFETM40L#VMII[«EE-e*>5 0 #^M-B$*1>&V^ 
MOSFETM4J3. «^W^S^K^^5>gl$tl,fcPM^^/VfS«^^$tL. fl\5>5 
PM^x;l/(ft^/«)i4> _h|BMOSFETM4C0m^fIJ"efe^y— ^, KW^S 

[0042] _hfB®ii^7^y 0 [eI{^^-^V^T, MOSFETM4(Dt±i^#J(Dy— KVlC [Hf&<D$fe 
[0043] *fc, MOSFETM4(Z)y— ^, KW^MfcfiJU ^^^*CdsdS#^Ef 5o 
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*HSLTA^«BEPWMSr^JEEUT±IBm^'Dliy— K#«K«EEVDDE*_hi;:>3;e> 

A^mAbit^xh+wz.A^htDtztiZo ^mmmxix _LtEA^ff ^-pwm 

AMt ^M^x^mm^mm *imxib% 0 mtLxrt, YyA^caimtty/* 
^mmm^m&MhnZo m8(DAtim^rPWM^Ati^n^^m9(Dx^ 

r>xm{¥-r%cMos4>s<—?mmNV2&AZ) m&tvxm-tbtiZo zjt>&* 

V2CDmt)in^-fe, Nft^VMOSFETM5(Z)^- M-ttln£;tx5o ^(^MOSFET 

MOSFETM5(Dy— mtnR4tfmtfhtlZ> 

CMOS^y/^ ^[U{^INV3^INV4^riib-CV-</^#$tifc!|gS!jff-^HGiL-C 

[0046] ftlJfPff -^hg^cir>w-</KVSS)(D^^{i % ?m$£iNV2(Dm£iim 

^4U-<7Vbm, MOSFETM5^^^H^i-^) 0 ^(D^M^tDmi^MlX W 
T^J:5^^<fe ; 5'^^"etSo HllO^^oV^T, MOSFETM5CD^ — MHJEkVi, V— 

[0047] Vs=Vi-Vgs = IsXR4 
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Is^Id (2)5£ 

Vo=Vbt-IdXR3^Vbt-IsXR3 (3)5£ 

(1) ^-C, Vgs{*_h|EMOSFETM5(D#tt-e^:^fft-e^o 

Vo=Vbt-(Vi-Vgs) X (R3/R4) (4) 

5 0 ^*U£J:tK -T^^— ^[H{^INV3»#j±«JiVbt^*j-J^Lfc^^W-</V^m^;b 

[0048] Mffl1m^hgm/^U'</u(yr>r>)<Db%in'&, >rv>*— ?m&mv2(DMMn 

nr>W</k£/fel9 N MOSFETM5^7titit4 ^tUCj;^ MO SFETM 5 (£> K 

[0049] ^^^MOSFETM3(D^— h^#fc^$tL^$IJ#{f^LG^^i-§l/^<7^^h 
W^-^HIj^INV3, INV4(D{Sm^J{*IlIj^<D^m^(VSS)t$tV§ 0 $IJWf 

[0050] mn^fi, ^commK^^y^->^mM(Dm^(D— mmw^mv^iBi^m^ 

f * f tLTNf t^MOSFETM3' ^fflV^lxSo ^CDJ^-N^-Y^WMOSF 
ETM3' ^V^d^M, h^h75/^*CB^^mj±VDD^^m-r^ 
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m.in,x\^ 0 

[0051] mi2^^, ^(DmmK^^y^^w^<Dm,(D—mmm(Dm^m^^fhx 

r(D^Jfe^!|-e»BiffBMOSFETMl, M2 N -^cDm^dl^tb^^jlbfc^n 
-fe^-e, |W|H^-^^-e^b7^^#:^7°(^#:K«)Chipl, Chip2, Chip 

^astffc^s^Chipl, Chip2, Chip3^iJ^|(D/N^— v^^itlhLfc3o(D^#: 

[0052] £l±*mW#K3:oXtj:£tifrmW&. mmmMl&mi^-3%McfcMKMWl,± 

-e^(D-e, ^y^m^<D/hmikxm^^?<Dm^k : &m%^b&x%& 0 
x4^>?mmmmzfc<mmx%% 0 
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